surgery were found to be diabetics. 12 Another study among Omani patients with T2DM revealed a high prevalence of CVD risk factors (52.2% were hypertensive, 56.7% with uncontrolled glycemia, and 44.1% with hypercholesterolemia) among the study sample. 13 Consistent results have been observed in the national health survey in 2008. 11 Moreover, other data showed that 42.5% of Omani patients with diabetes were having micro-or macroalbuminuria. 14 However, literature review revealed that no CVD incidence studies nor analytic studies addressing CVD risk factors have been conducted among Omanis with T2DM. 15 This study aimed to assess the incidence of CVD (CHD, stroke, and PAD), the patterns of CVD traditional risk factors, and conduct preliminary survival analysis of the traditional risk factors of CVD among Omanis with T2DM in Al Dakhiliyah Governorate (Province) of Oman. This study is a part of a project that involves patients with T2DM residing in Al Dakhiliyah Governorate. It has been established to study the CVD risk, its risk factors, and ultimately, develop a risk prediction tool that is suitable to estimate the five-year CVD risk among T2DM patients in Oman.
M ET H O D S
This study employed a retrospective cohort design. The reference population was Omani patients with T2DM residing in Al Dakhiliyah Governorate; in which diabetes care is delivered through the National Diabetes Control Program in 25 primary care institutions consisting of four polyclinics and 21 health centers. As per the diabetes control program guidelines, diabetes mellitus (DM) diagnosis is done based on the World Health Organization (WHO) cut off points. All patients were assessed at DM diagnosis, and then assessed at least annually for main risk factors and diabetes complications including CVD, using standardized assessment forms and following standardized diabetes followup procedures. 16 All patient assessments in these institutions are administered by diabetologists, trained general physicians, and trained nursing staff. The laboratory tests were conducted by qualified laboratory technicians. All patients' data were computerized and maintained in the diabetes registry system. Out of the 25 institutions, three polyclinics (Nizwa, Bahla, and Izki Polyclinics) and one large health center (Manah Health Centre) were selected for this study and the year 2009−2010 was considered as the baseline.
The sampling frame included all Omanis with T2DM who were recorded in the diabetes registry of the four selected institutions, who were free of CVD at baseline and showed regular follow-up visits. The patients were followed-up until the CVD outcome occurred, died, or reached end of data collection in December 2015. exclusion criteria included patients with no annual assessment on the key factors at baseline, patients with no CVD outcome assessment at baseline, and those who developed non-ischemic heart diseases or limb amputations of non-ischemic causes in the follow-up period. In addition, patients with end stage kidney disease and liver cirrhosis were also excluded. After applying the inclusion/exclusion criteria, eligible patients for the study reached 2 039.
Demographic data, data related to risk factors at baseline, and CVD outcome data were gathered by trained staff using a well-designed data collection sheet. The data was retrieved from the patients' medical records of the selected institutions. Sex, age at baseline, age at T2DM diagnosis, diabetes duration, body mass index (BMI), HbA 1c , HTN, blood pressure (BP) control, lipid entities, albuminuria, smoking, and first degree family history of CVD were the baseline factors considered in this study.
The CVD outcome was defined as the first fatal or non fatal CHD, stroke, or PAD, diagnosed by specialized physicians based on the clinical assessment and confirmed using diagnostic tests. CHD diagnosis included stable angina, unstable angina, and myocardial infarction, and was confirmed by 12-lead electrocardiograms (eCG) and a serum troponin test. However, eCG stress test (Treadmill test) and coronary angiography were needed in instances where diagnosis was not clear. In addition, stroke was confirmed by computed tomography (CT) scan while PAD was confirmed by either clinical diagnosis of gangrene, limb amputation due to an ischemic cause, or a clinical picture of an ischemic limb confirmed by anklebrachial pressure index and angiography. The same diagnostic criteria were applied at the baseline to ensure that the included participants were free from CVD at the beginning of the study.
The CVD outcome was traced from baseline to December 2015 (maximum of seven-year follow-up) using the same data sources by reviewing physician's clinical notes and diagnosis for each patients and for all visits in the follow-up period. Causes of death were retrived from death certificates. Definitions of CVD outcome and main risk factors are shown in Table 1 . Cut off points of various factors are considered as per the national diabetes management guideline manual. 16 To ensure the quality of the data, different resources of data like patients' soft files and diabetes registers were cross-checked. Causes of death were cross-checked from patients' soft files where applicable. In addition, around 10.0% of the collected data was re-checked for consistency.
Data was analyzed using SPSS Statistics (SPSS Statistics Inc., Chicago, US) version 20.0. Incidence was expressed in percentage with 95% confidence intervals (CI). Categorical variables were presented in numbers and percentages while continuous variables were described as mean with standard deviation (SD). Continuous variables were then categorized into different levels according to clinical definitions. The univariate relationship between the CVD risk and each of the key risk factors was assessed using Kaplan-Meier (KM) survival analysis (with log-rank, Breslows and Tarone-Ware test), and chi-square test including odds ratios (OR) and 95% CI. In addition, analysis of variance (ANOVA) test was used to assess the crude relationship between continuous and categorical variables when required. A p-value < 0.050 was considered statistically significant. This study was approved by the Regional Research and Research ethics Committee of the Ministry of Health in Oman, and Griffith University Research ethics Committee as well. Due to the retrospective nature of this study, informed consent was not required and permission from involved institutions was obtained to start data collection. However, in some instances phone calls along with verbal consent were required to confirm smoking status and family history of CVD.
R E SU LTS
Out of the total sample of 2 039, 64.0% were female. The mean age at baseline was 54.5±11.4 years, with minimum and maximum ages of 22.9 and 95.8 years, respectively. The mean age at DM diagnosis was 48.3±11.0, with minimum and maximum of 20 and 91 years, respectively. Contributions of the number of patients taken from the four selected institutions (Nizwa, Bahla, Izki, and Manah) in the total sample were 42.3%, 30.7%, 15.0%, and 12.0%, respectively, which were matched with the patient distribution covered by each institution. The mean, median, and maximum years of follow up were 5.3±1.1, 5.6, and 7.0, respectively. The study involved 10 910 personyears among the study sample. The mean DM duration at baseline was 5.8±4.1 years with 47.2% and 21.0% of the study sample had DM duration of < 5 and ≥ 10 years, respectively. Further details on the baseline characteristics of the study sample are shown in Table 2 . The total cumulative incidence of CVD in this study was 9.4% (192/2 039; 95% CI: 8.1−10.7%) over the study period with 9.8% and 9.2% among males and females, respectively (no significant difference, p = 0.450). The incidence density was 17.6 per 1000 person-years. Of the 192 CVD events, CHD, stroke, and PAD constituted 72.4%, 20.3%, and 7.3%, respectively. Fatal CVD events were observed in 7.3% of the total CVD events. The highest annual incidence rate of CVD was 2.1% in the year 2014, the lowest was 0.7% in 2010, and the average was 1.6% per year.
Cumulative incidence has varied significantly (p < 0.001) across institutions, with the highest in Izki polyclinic (17.6%) and the lowest in Bahla Table 2 ]. The mean BMI was 29.2±5.4 kg/m 2 , and 38.9% were overweight (BMI 25-30) and similar proportion were obese (BMI ≥ 30). Poor glycemic control was also a dominating risk factor. The mean HbA 1c was 7.9±2.2%, and around 40.0% and 19.0% of the study sample were having poor (HbA 1c : > 8%) and borderline (HbA 1c : 7-8%) glycemic control at baseline, respectively. Dyslipidemia was observed in about 77.0% of the study sample. The mean cholesterol level was 5.0±1.1 and 37.8% of the participants had total cholesterol level of ≥ 5.2 mmol/l. In addition, 71.7%, 57.9%, and 38.1% of the study sample had high risk low density lipoprotein (lDl), high risk high density lipoprotein (HDl), and high risk triglycerides (TG), respectively. The mean systolic blood pressure (SBP) was 129.3±14.1 and 56.3% of the participants were hypertensive, of which 46.6% had uncontrolled BP. Micro/macroalbuminuria, first degree family history of CVD, and smoking were observed in 18.7%, 21.4%, and 7.8%, respectively.
The crude survival analysis using KM survival curves along with the ORs and chi-square test showed significant association between CVD risk and the following factors: age, HbA 1c , albuminuria, BMI, DM duration, HTN, and total cholesterol. Table 2 presents the distributions of different factors in the study sample and their crude associations with CVD outcome.
Age at baseline was observed to have the strongest association with CVD among all predictors. Figure  1 shows a sharp increase in the CVD risk over time with increasing age. The crude OR for patients aged ≥ 60 years compared to patients aged < 40 years was 9.3 (95% CI 3.4-25.6, p < 0.001). Similarly, the increase in the hazard trend of CVD risk over time was sharper among patients with DM duration 5-10 years and ≥ 10 years compared to those with DM duration < five years (crude OR for both groups was 2.5; 95% CI 1.7-3.8, p < 0.001). However, there was no difference in the hazard trend of CVD risk between the two former groups (p = 0.800). The difference in hazard trend of CVD risk between the good glycemic control and the poor glycemic control groups was also observed to be significant (OR 1.6; 95% CI 1.1-2.2). However, there was no significant difference in hazard trend between good and borderline glycemic control groups (p = 0.900).
BMI was observed to be inversely related to the CVD risk [ Figure 2 ]. The ORs showed increasing trend with decreasing BMI levels. The highest group at risk was the group with the normal BMI compared to the lowest one, which was the one with morbid obesity (OR 2.4; 95% CI 1.3-4.3). However, ANOVA test showed that the mean DM duration was significantly higher among normal weight patients (2 220 days) compared to the obese patients (2 010 days), with p = 0.047. Moreover, HTN, albuminuria, and high total cholesterol were also observed to be strongly associated with increasing hazard trends of CVD risk (crude ORs and 95% CI 2.1, 1.5-2.9; 3.4, 2.4-5.0; and 1.4, 1.0-1.9, respectively).
D I S C U S S I O N
Findings of this longitudinal study included the high five-year CVD cumulative incidence (9.4%); the high prevalence of main CVD risk factors like HTN, obesity, poor glycemic control, dyslipidemia, and albuminuria; and the insignificant association between CVD and some of the traditional risk factors such as smoking and family history of CVD in the crude analysis.
CVD incidence varies considerably across different populations with diabetes, depending on the study setting, ethnic background, inclusion criteria, CVD outcome definition, and duration of the follow-up. Unfortunately, no longitudinal studies could be found in the literature related to CVD incidence among T2DM patients in the neighboring Arabian countries. However, globally, some studies showed a lower incidence compared to ours, while others showed a much higher incidence. Studies in general practice settings in Scotland and China showed that 5.3% and 4.9% of T2DM developed CVD within median periods of 4.1 and 5.4 years, respectively. 6, 17 However, in these two studies the considered outcome was CHD alone. An Italian population based study revealed a cumulative incidence of 7.6%. 18 However, the study had a short follow-up period (four years) and the outcome included only CHD. In contrast, many other studies demonstrated much higher incidence. In this context, the Finnish and the ARIC population based studies in Finland and US found that the cumulative incidence of CHD alone to be 20.2% and 17.1% over periods of seven and 10 years, respectively. 7, 19 In england, the CVD incidence was observed to be 17.9% over a period of 5.5 years. 20 In the Finnish and ARIC studies, patients less than 45 years of age were not included and they involved a relatively longer period of follow-up. Whereas the possible reason for the higher CVD incidence in the english study was that the CVD outcome included other cardiovascular abnormalities like heart failure and arrhythmias in addition to CHD, PAD, and stroke. longitudinal data from community based and primary care settings in Australia and New Zealand showed higher four-year and five-year CVD events cumulative incidence (14.9% and 17.9%, respectively) compared to the present study. 4, 5 While sudden death was not included in the CVD outcome in the present study, it was included in the Australian study. The New Zealand study involved a longer duration of follow-up (eight years). Thus, our relatively lower incidence maybe explained partially by the non-selective sampling since the participants age ranged between 22.9 and 95.8 years, intermediate period of follow-up (mean of 5.3 years), and that the definition of CVD was confined to CHD, PAD, and stroke, excluding sudden death. However, the expected variation in the CVD incidence in populations with different ethnicities, lifestyles, and cultures might be a better explanation. 15 In this study, CVD incidence varied considerably across the involved four institutions. It was higher among Izki polyclinic and Manah health center compared to Nizwa and Bahla polyclinics. This may be explained by the higher prevalence of poor glycemic control in Izki and Manah. In addition, since more than 70% of the total sample was taken from Nizwa and Bahla polyclinics, this might had an effect on the observed difference.
The present study showed a high prevalence of most of the traditional risk factors such as obesity, poor glycemic control, HTN, dyslipidemia, and albuminuria. Some of the traditional factors have been excluded in the univariate association with CVD risk. Many of previous longitudinal studies with similar cohorts have shown similar results, however, some important differences were observed. 4, 17, 20, 21 For example, current smoking in the present study showed low prevalence (7.8%) and was not associated with CVD. A longitudinal study among english patients with diabetes showed the prevalence of current smoking to be around 34% in men and 25% in women, while in New Zealand it was 15%. 4, 21 Other global studies even with low CVD incidence have also showed higher prevalence of smoking among the study groups. 6, 10, 17 Although most of the related studies showed significant association between smoking and CVD, some of them have revealed insignificant association even in the univariate analysis. 5, 10, 18 low prevalence of smoking among general population and population with diabetes in Oman has been observed by many studies. 22−24 This may be explained by the social and cultural stigma towards this habit, which may prevent people from smoking or may result in underreporting. These are the potential reasons for the insignificant association between smoking and CVD observed in this study.
Although the observed high proportion of obesity is consistent with many previous local and global studies, 4, 11, 17, 20, 21 the inverse univariate association with CVD is another interesting finding conflicting with many related studies. 5, 18, 19 However, other studies revealed an insignificant role for obesity in CVD occurrence. 25, 26 Therefore, a sort of controversy in the independent role of obesity in CVD occurrence among populations with diabetes is still there. 8 In this study, this relationship maybe confounded by the diabetes duration which was significantly higher among obese patients as shown by the ANOVA test. Future studies can assess this in more details.
High levels of total cholesterol, lDl and TG, and low levels of HDl were observed to be of high prevalence in this study and in many other local and global studies. 10, 13, 17 The insignificant univariate association between CVD and lipid entities (lDl, HDl, and TG) except the total cholesterol, is another interesting finding related to the pattern of CVD risk factors. lDl, HDl, and/or TG have shown significant association with CVD in many studies, 5, 19, 27 however, serum cholesterol was also observed to be associated with CVD in the univariate and/or multivariate analysis. [17] [18] [19] 21 The insignificant association between CVD and other lipid entities was also observed in other studies. 10, 17 Since different good quality studies can yield different association results, not only for the lipid factors, but for other factors as well, it seems that the pattern of CVD associations with different factors is affected by population characteristics. It is likely that different populations may yield different results. Despite the well-known relationship of CVD with gender and first degree family history of CVD revealed by many studies, 4, 5, 10, 17, 28 our study showed insignificant associations. However, the same was observed in some studies for the latter, 6 ,18 which may be explained by the recall bias in reporting this risk factor.
This study was the first longitudinal study addressing the CVD incidence and risk factor patterns among T2DM patients in Oman and the neighboring Arab countries. It involved a good sample size taken from primary care settings where all patients with diabetes are registered and managed, and hence, the sample was likely to be a representative one. In contrast, the problems of recall bias and missing data were major constraints due to the retrospective nature of the study. These were partially overcome by cross-checking different sources of data. In addition, types of anti-diabetes, anti-hypertensive, and anti-lipid drugs were not included in this study. However, the effects of antidiabetes, anti-hypertensive, and anti-lipid treatments are expected to be included in the levels of diabetes control, HTN control, and lipid profile to some extent, respectively. Similarly, physical inactivity was not considered in this study due to the difficulties in quantifying and gathering the related data.
C O N C LU S I O N
The incidence of CVD and the prevalence of its risk factors among Omanis with T2DM were both high. Important differences in the picture of the CVD risk factors and their preliminary associations with CVD compared with global studies have been observed. This may be attributed to the strong relationship between the geographical location of the patients' environmental and lifestyle factors with diabetes complications. r efer ences
